Here we describe the expression pattern of GATA-2 in the developing chick hindbrain. We found that during the early period of neurogenesis this gene speci®cally labels a particular neuronal subtype, the contralateral vestibular-acoustic neurons of rhombomere 4, and that expression of this gene in these cells is transient. We also found that GATA-2 labels a broader territory of the ventral neural tube at later stages. As well as this hindbrain expression, we also describe expression of GATA-2 in the otic vesicle, oculomotor nucleus, third nerve and metanephros. q
Results and discussion
Segmentation underpins the development of the hindbrain, and this is clearly evident in the generation of the neuronal subtypes of this region of the neuraxis (Lumsden and Krumlauf, 1996) . For example, the trigeminal branchiomotor neurons develop within the con®nes of rhombomeres (r) 2 and 3, while the contralateral vestibular-acoustic neurons develop within the con®nes of r4. Recently, we have been characterising the expression of a number of transcription factors during neurogenesis in the hindbrain, to try and identify useful markers of different neuronal subtypes. Here we describe the expression pattern of the zinc-®nger transcription factor, GATA-2 (Yamamoto et al., 1990) .
GATA-2 expression in the rhombencephalon is evident at stage 15, and interestingly, is restricted to a single rhombomere, r4, and the rostral part of r5, by the r4/5 boundary, where r4 motor neurons have migrated into the anterior part of r5. Within this region, GATA-2 is restricted to a speci®c group of cells¯anking the midline (Fig. 1a) . This expression pattern is maintained until stage 18 (Fig. 1b,c ), but then a second group of expressing cells becomes evident. Fig. 1d shows GATA-2 expression at stage 19, and it is clear that, besides being expressed in the ventrally located r4 neurons, expression of this gene is now also evident in the ventral aspect of the other rhombomeres. By stage 21, the r4-speci®c expression of GATA-2 is receding, and by stage 22 is no longer evident (Fig. 1e,f) . By contrast, the more general ventral expression throughout the rhombomeres increases with time, and by stage 22 is well established (Fig. 1f) .
To look more closely at the type of neurons that express GATA-2 in r4, we have compared the expression of this gene with that of Isl-1/2 (Tsuchida et al., 1994) . At stage 16, anti-Isl-1/2 antibody staining distinguishes the cell bodies of motor neurons that are located either side of the midline, extending caudally from r2 along the length of the hindbrain (Fig. 1g) . Furthermore, the Isl-1/2 staining also reveals segmental differences at this stage, with pronounced expression in r4 (Fig. 1i ) re¯ecting the fact that although Isl-1 is expressed all along the hindbrain from r2, Isl-2 expression is elevated in r4 (VarelaEchavarria et al., 1996) . Comparing the Isl-1/2 staining with the GATA-2 expression, it is clear that the cells expressing GATA-2 in r4 are motor neurons (Fig. 1g±  i) . More speci®cally, given the segmental restriction in GATA-2 expression, this analysis allows us to identify these cells as being the contralaterally migrating vestibular-accoustic (CVA) neurons (Simon and Lumsden, 1993) . Our results also show that GATA-2 expression in these neurons is transient, becoming down-regulated as these neurons cross the midline at stages 19±21 (Fig. 1d,e) (Simon and Lumsden, 1993) ; GATA-2 is expressed during an early phase of CVA development. This dynamic r4-speci®c expression of GATA-2 probably marks the period of CVA neurogenesis, and we will address this point in the future. We have also recently demonstrated that ectopic expression of Hoxb1, which is necessary for the proper development of these neurons Fig. 1 . GATA-2 is transiently expressed at high levels in r4. (a±d) High levels of expression are seen in r4, when compared to other rhombomeres. (e,f) At later stages expression is uniform throughout the hindbrain. (g) Islet1/2 is expressed in motor neurons in the hindbrain. GATA-2 (h) is expressed in motor neurons in r4 (i). At stage 21 Islet1/2 (j) and GATA-2 expression (k) partially overlap but are distinct (l). (Studer et al., 1996) , results in up-regulation of GATA-2 (E. Bell, R.J.T. Wingate, A. Lumsden, submitted).
We have also compared the later phase of GATA-2 expression with that of Isl-1/2, and the results suggest that these markers label distinct populations. While Isl-1/2 still labels individual motor neurons close to the midline (Fig. 1j) and those migrating away, GATA-2 labels a broader zone of cells alongside the midline (Fig. 1k) . Isl-1/2 and GATA-2 expression at this stage, stage 21, also differ in that GATA-2 expression is apparent along the whole length of the hindbrain, while Isl-1/2 is only found caudal of r1 (Fig. 1j±k) . These results suggest that at this stage, GATA-2 does not label motor neurons, but another, as yet unde®ned, neuronal population.
Our analysis has also revealed other sites of GATA-2 expression. At stage 16 (Fig. 2a) , GATA-2 expression is detected around the eye, in the developing hindbrain, as described above and in the otic vesicle (Fig. 2b) . While at stage 19 (Fig. 2c) , mRNA transcripts are also detected in the oculomotor nucleus and third nerve (Fig. 2e) . GATA-2 is also expressed in the sympathetic nervous system, as has previously been described by Groves et al. (1995) (Fig. 2f ) and in the metanephros (Fig. 2g) .
Materials and methods

Cloning of chick GATA-2
The GATA-2 probe used in this study was isolated by nested RT-PCR from cDNA made from stage 16 chick embryos. The 5 H primer was directed against nucleotides 13±33 of the ORF, and the external 3 H oligo against positions 1058±1078 and the internal 3 H oligo positions 1031± 1051 of the published sequence (Yamamoto et al., 1990) .
Whole-mount RNA in situ hybridization and immunohistochemistry
Whole-mount in situ hybridization was performed according to previous protocols (Wilkinson, 1992; Henrique et al., 1995) . Once the colour substrate had been visualized, the reaction was stopped by rinsing the embryos several times in PBST (Phosphate buffered saline with 0.05% Tween-20) and ®xing overnight in 4% PFA at 48C. The embryos were then rinsed with PBS and washed three times 1 h with PBST and 5% GS (goat serum). Embryos were incubated in PBST, 10% GS and 1:1000 dilution of Islet1/2 antibody for 4 days at 48C. The secondary antibody was a cy3-conjugated anti-rabbit, used at 1:100. Embryos were staged according to Hamburger and Hamilton (1951) . 
